



N O T I C E 
 
THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 













(11AS,k-CR-160083) GRAVITATIONAL FIELD MODELS	 S81- 16-645
FOR STUDY OF EARTH MANTLE DYNAMICS ,Final
Report (Systems and Applied Sciences Corp.)



















r	 Dr. H.S. Liu
National Aeronautics and Space Administration
Goddard Space Flight Center
Greenbelt, Maryland 20771
Prepared by:
Systems and Applied Sciences Corporation




rGRAVITATIONAL FIELD MODELS FOR STUDY





Section 1 Introduction	 ..................... 1-1
Section 2 Theory of Mantle Convection
i
and	 the	 Geoid	 .................... 2-1
Section 3 . Subcrustal Stresses Exerted by
Convection Currents	 ............. 3-1
Section 4 Data	 Sets	 ...........- ............. 4-1





Section 6 References	 ........................ 6-1
FIGURES





O'Keefe (1959) tested the basic hypothesis of geodesy by
using the harmonics of the earth,'s gravity field from satellite
measurementsr He pointed out that these harmonics may be
supported by hydrodynamic forces resulting from- mantle convection.
Runcorn ( 1964, 1967) developed a theory connecting mantle con-
vection and the geoid.
Although r!umerical calculations of thermal convection models
of the mantle have been carried out by Turcotte et al. (1973) and
by McKenzie et al. (1974), the non-linear nature of mantle
convection and the wide range of viscosities present formidable
obstacles to the thorough knowledge of convection Patterns. It
may well be that unless simple models of mantle flow are first
understood, complex cases would not be interpretable in terms
of the contribution to the dynamics that each case provides.
Therefore, it seems necessary, and perhaps even desirable, to
apply the relatively simple model of mantle convection developed
by Runcorn (1964, 1967). In this paper, we propose to detect
and determine the tectonic forces or stresses due to the small-
scale mantle flow under the South American plate by utilizing the
harmonics of the geopotential field mode.
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SECTION 2 THEORY OF MANTLE CONVECTION AND THE GEOID
Given a set of fully normalized harmonic coefficients,
Cn,m and S
n,,m
, determined from satellite measurements and surface
gravity observations, the relationship between the mantle
convection pattern at the upper boundary and the geoid may be
described by (Runcorn, 1964, 1967):




d 2	 a	 drr=a	 n=7 m 0 4^rua
	 a
2n+1 Pm(cosh) [Cn,m Cos(mx) + nom si.n(ma))
where
M = mass of the earth,
P = coefficient of viscosity,
a = radius of outer spherical surface of the flowing region,
PM
n (cos4) = associated Legendre polynomial of degree n,
order m and argument cos
X = the longitude,
C2,0 = C2,0 - C1 2,0,
Sn ^m Sn,m
C2,o and
C4 ,o = coefficients characterizing the ellipsoid of revolution,
W	 a poloidal function of convection currents
g	 = gravitational acceleration,





C4,0 = C4,0 - C4,00
C,n,,m - Cn,,m for n#2 or 4 and m-0.
In the derivation of eq. 1, a Newtonian viscosity is attributed


















SECTION * 3 SUBCRUSTAL STRESSES EXERTED BY
CONVECTION CURRENTS
If the crust above the flowing mantle is assumed to be
an elastic shell, the tangential component of the velocity
vanishes at r=a, i.e., (dWn/dr)I r-a = 0. Then the stress
components exerted by the convection flaw on the crust in the
eastward and northward dirc.TtM,ons are determined by:
d2W
	
_ .^.	 a	 naE (Z,^)	 sink
	 d7( d-' )r=a
m=n	 M ,.	








n=2 m= 0	 4^ra
[ME n rosin (ma) — mSn , m cos (mx) ]	 (i )
and
_	 d	 a	
a (rW ) ]^N  • ^) _ u d 4 [ r









_M	 a' n+l 2n+1	 d m
t a^	 n+l	 d; CPn (cosh) )
n=2 m=0 Tff
• [Cn,m cos(MA) + Sn m sin(ma)]
(3)
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RSECTION 4 DATA SETS
The harmonic coefficients Cnom and SnFm of the geopotential
field model in eqs. 2 and 3 have been significantly improved in
recent years, principally because of the improved satellite
observations and surface gravity measurements (Smith et. al., 1976).
The low-degree harmonics for n < 12 may reflect a large-scale
mantle flow system (Runcorn 1967; Richter and Parsons, 1975).
In this paper, the high-degree harmonics, n > 13, are assumed to
describe the small-scale mantle convection patterns. The GEM-10
gravity model used here is based on the work by Lerch et. al. (1977).
The .input data used in the derivation of this model is made up of
840,000 optical, electronic and laser observations and 1,656
5 0 x 5 0 mean free-air anomalies. Although there remain some
statistically questionable aspects of the high-degree harmonics,
it seems apprppriate now to explore their implications for the
tectonic forc(►s or stress field under the crust.
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SECTION 5 CALCULATIONS AND RESULTS
rj
In order to compute the magnitudes and directions of
stresses exerted by the convection currents on the crust, the
following recursive relationships among the Legendre and associated
Legendre functions were employed (Arfken, 1966);
(2n+1)cos^P 0 (rosy) _ (n+l)P
n+l (cos4) + nPo-1(cos;)
i
P , 	 (cos;) _ Pm+1 (cos ) _ (2n+1)sinC Pm (cosh)
n+l	 n-1
L p^ (Cos;) - C2n+1) sink P^ (co69)(2n+1)cos d^ n	 n
i
(n+l) d- P0 (cosh) + n d P O 	 (cos;)d	 n+l.	 d^	 n-1
d4 Pn+1 (cosh)	 dd Pn
+
 (cosh)







As each function was computed, it was normalized using'
(Mather, 1971):
(2-d Om ) (2n+1) (n-m) It /2
Pn cu) =
	
(n+m) D	 rn (u)
where
8 0m	 0 if m#0
1 if m=0
Cue to the slow computer job turn-around at the GSFC 360195,
the program SCP that computes the stress components as a function
of latitude and longitude was coded so that each job computed the
stress components for a small region and the results from each
job were later merged. This merged result was then used as input
to the stres plotting program SPP which generated the necessary
data for producing a picture display on the SD 4060.
The figure shows the stress pattern corresponding to the
mantle flow system under the South American Plate. As shown in
the figure, in the vicinity of Bolivia and off the coast of
Bolivia, these regions are under tension. These results are in
excellent agreement with the geoidal highs that have been concluded
by Marsh and Chang (1979).
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Figure 5-1. Stress Pattern for South America
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